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A method employing stable isotope labeling and fast-atom bombardment (FAB) tandem 
mass spectrometry has been developed to directly assess events of biosynthesis and 
metabolism of arachidonic acid containing phospholipid molecular species by cells carried in 
culture. Mast cells, cultured with [13C]linoleic acid, converted this precursor into arachidonic 
acid which was then incorporated into cellular phospholipids. Over a 24 hour period, the 
extent of label enrichment in each arachidonate-containing phospholipid molecular species 
was monitored by using negative FAB ionization with selected reaction monitoring. Specific 
incorporation of [‘3C,,] labeled arachidonate was determined from the ratio of the carboxyl- 
ate anions at m/z 320 and 303, which correspond to [‘3C,,]arachidonate and unlabeled 
arachidonate, respectively, produced by collision-induced dissociation of each specific molec- 
ular anion. The use of [ ‘“C]linoleic acid as a precursor of arachidonic acid avoids the problem 
of changing the endogenous pool size by directly adding labeled arachidonic acid. Measure- 
ment of the [‘“C,,]label also avoids interferences from endogenous isobaric fatty acids that 
are naturally present at low levels. (J Am Sot Mass Spectronz 2994, 5, 144-250 
T he development of fast-atom bombardment (FAB) ionization as well as tandem mass spec- tromctry (MS/MS) techniques has permitted di- 
rect analysis of underivatized glycerophospholipids [ 11. 
It is now possible to employ mass spectrometry to 
directly assess detailed events of phospholipid biosyn- 
thesis and metabolism through analysis of intact phos- 
pholipid molecular species [2]. Phospholipids generate 
abundant “molecular anions” as [M - HI- from the 
lipid classes of glycerophosphoethanolamine (GPE), 
glycerophosphoinositol (GPI), and glycerophosphoser- 
ine (GPS) while glycerophosphocholine (GPC) gener- 
ates three ions corresponding to [M - 15]-, [M - 60]-, 
and [M - 86]-. Negative ion FAB ionization is of par- 
ticular value because of the facile generation of carbox- 
ylate anions following collision-induced dissociation of 
these molecular anions [ 3-61 allowing identification of 
esterified fatty acids within individual phospholipid 
molecular species.* 
Address reprint requests to Dr. Robert C. Murphy, National Jewish 
Center, 1400 Jackson Street, Denver, CO 80206. 
*Abbreviations used to designate glycerophospholipld molecular 
species. n:jk/s:t-GPX (e.g., I6 Oe/20:4 GI’E) where n is the number of 
carbons in the x-1 substituent and i is the number of double bonds in 
the sn-I hydrocarbon chain; k represents the type of sn-1 linkage 
(where a = 1.0.acyl, e = I-0.alkylether, p = I-0.alk-l’-enyl (plas- 
malogen)): s is the number of carbons and t is the number of double 
bonds in the sn-2 fatty acyl substitllent: Cl’ stands for glycerophos- 
phate backbone and X represents the fin-3 polar head group bonded 
as a phosphate ester (where X = C for choline, E for ethanolamine, I 
for inositol, and S for serine). 
A majority of the important fatty acid arachidonic 
acid is found esterified in phospholipids. Precursor ion 
scanning for the arachidonate carboxylate anion (m/z 
303) in complex phospholipid mixtures identifies 
molecular anions which contain arachidonic acid. Once 
these molecular anion species are identified, they can 
be investigated through product ion scanning to reveal 
the exact molecular species which make up each 
arachidonate-containing glycerophospholipid [3]. A 
great deal of interest has centered around metab- 
olites of arachidonic acid and the involvement of 
arachidonatecontaining phospholipids in the biosyn- 
thesis of eicosanoids such as leukotrienes and 
prostaglandins. 
One of the unique attributes of mass spectrometry 
is the ability to use stable isotope labeled variants to 
study biosynthetic precursor-product relationships in 
biochemistry. A disadvantage of using a stable isotope 
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labeled precursor is the requirement not to alter the 
intracellular pool of the molecule of interest [7]. Sec- 
ond, isotope effects may come into play, in particular 
when using deuterium labeled compounds [8]. We 
describe here the conversion of [13Cllinoleic acid into 
[13C]arachidonic acid during in vitro culture with 
transformed bone marrow derived mast cells and the 
analysis of labeled molecular species of arachidonate- 
containing phospholipids by FAB-MS/MS. Further- 
more, we investigated whether there was an alteration 
in the arachidonate pool size caused by incubation of 
these cells with 9-10 PM [‘3C]linoleic acid. This 
methodology, employing [ 13C] labeled linoleic acid, 
can be used to study the biosynthetic precursor-prod- 
uct relationships of individual arachidonate-containmg 
phospholipid molecular species and arachidonic acid 
metabolites. 
Experimental Procedures 
Lipid Extraction 
Following incubation, the cell suspensions were cen- 
trifuged at 2500 x g for 8 minutes to separate super- 
natant from cell pellet, and the cell pellet was then 
extracted by the method of B!igh and Dyer [lo]. Phos- 
pholipid classes were separated by normal phase HPLC 
(Lichrosorb silica, 5 p, 25 cm X 4.6 mm, Phenomenex, 
Torrance, CA) using a gradient from 53% solvent A 
(hexane/isopropanol, 0.6/O.@ and 47% solvent B 
(hexane/isopropanol/water, 0.6/0.8/0.1) held isocrat- 
ically for 6 minutes then programmed to 100% solvent 
B in 20 minutes. Neutral lipids eluted from 2 to 4 
minutes, GPE lipids eluted with a retention time of 8 
to 10 minutes, GPI lipids 19 to 20 minutes, GPS lipids 
22 to 26 minutes, and GPC lipids 37 to 41 minutes. 
Mass Spectrometry 
Following phospholipid class separation, the mixtures 
of molecular species in each class were analyzed by 
FAB-MS as previously described [3, 51. Mass spectra 
were obtained on a Finnigan TSQ70B (San Jose, CA) 
triple quadrupole mass spectrometer equipped with a 
saddle field FAB gun by Ion Tech (Todd&ton, UK) 
with xenon at an accelerating potential of 6 kV. The 
second quadrupole collision cell contained argon at a 
pressure of 0.5 mtorr. The collision offset energy of 30 
eV was used to induce dissociation. Precursor ion 
scans for m/z 303 and 320 were used to determine 
those molecular species which contained arachidonate 
and [‘3C,,]arachidonate, respectively [3]. The ratio of 
these ion-abundances in a selected ieaction ion moni- 
toring mode [ 111 was used to calculate incorporation of 
[ 13C] into each molecular species. Mass accuracy for 
the phospholipid molecular anions is reported kO.3 
Da. 
Materials 
Phospholipid molecular species used to determine class 
elution by high-performance liquid chromatography 
(HPLC) were purchased from Avanti Polar Lipids 
(Birmingham, AL) or Sims Chemical Co. (St. Louis, 
MO). A-chloroform extract of algae grown in 13C0, 
environment was Durchased from MSD Isotoues 
Analysis of Arachidonic Acid 
(Montreal, Canada): Deuterium labeled arachiddnic 
acid and deuterium labeled linoleic acid were gener- 
ous gifts from Prof. Howard Sprecher, Ohio State Uni- 
versity. All solvents and reagents were the highest 
grade commercially available. 
Incubation Conditions 
Abelson-MuLV virus transformed murine bone mar- 
row-derived mast cells were grown in suspension cul- 
ture in RPMI-1640 media (Whittaker Bioproducts, 
Walkersville, MD) containing 10% fetal bovine serum 
(Gibco Laboratories, Grand Island, NY), as previously 
described [9]. Cells were diluted every three or four 
days when cell density reached 1.5 X lo6 cells/ml. 
Cell suspensions were incubated with 9-10 NM 
[13C]linoleic acid when cells were at a density of 1 x 
106/mL and cultured in RPMI media containing 1% 
fetal bovine serum for 24 hours. Aliquots were re- 
moved at various time points for analysis. 
Total cellular arachidonic acid was measured before 
and after incubation of the mast cells with [ 13C]linoleic 
acid. The chloroform/methanol extract from the cells 
was saponified with 1:l methanol: 1M NaOH for 1.5 
hours. [2H,]Arachidonic acid internal standard was 
added prior to acidification of the reaction mixture 
with HCl. Arachidonic acid was then extracted two 
times with equal volumes of hexane. The hexane ex- 
tract was derivatized with pentafluorobenzyl bromide 
as described in ref 12. The pentafluorobenzyl esters of 
arachidonic acid were analyzed by using electron cap- 
ture ionization gas chromatography/mass spectrome- 
try (GC/MS) with selected ion monitoring as de- 
scribed in ref 12. Ions were monitored at m/z 303 
(arachidonate), 311 (‘Hs-arachidonate), and m/z 316, 
317, 318, 319, 320, 321 for the 13C-labeled arachidonic 
species. Mass spectra were obtained by using the 
Finnigan SSQ70 quadrupole mass spectrometer under 
chemical ionization conditions using methane as mod- 
erating gas at 0.5 torr. 
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Isolation of f ‘3Cllinoleic Acid 
Uniformly labeled [ 13C]algae lipid extract was saponi- 
fied by using methanol/l N NaOH (l/l, v/v> at room 
temperature for 1 hour. Following acidification of the 
solution with 0.1 N HCl to pH 3, the fatty acids were 
extracted twice using two volumes of hexane. The 
hexane extract was evaporated to dryness under a 
stream of dry nitrogen and dissolved in 60% acetoni- 
trile/water. The free fatty acids were separated by 
reverse phase HPLC using a Beckman Ultrasphere-ODS 
column (25 cm X 4.6 mm, 5 p, Beckman Instruments, 
Berkeley, CA). The mobile phase consisted of 
CH,CN/16 mM acetic acid (3/l), pH 3.3, eluted at 1 
mL/min. Linoleic acid eluted with a retention time of 
33 minutes which was detected by monitoring absorp- 
tion at 206 nm. The [13C]linoleic acid was found to 
have an isotope enrichment of 0.09 atom% [‘“C,,], 3.2 
atom% [13C12], 3.0 atom% [‘3Cl,], 8.1 atom% [ ‘3Cl,], 
17.9 atom% [‘3Cl,], 28.8 atom% [‘3Cl,], 30.3 atom% 
[13C,,], and 10.1 atom% [‘3C,,] as measured by nega- 
tive ion GC/MS. The concentration of isolated 
[‘3C]linoleic acid was determined by using [2H,]lino- 
leic acid as internal standard in a manner analogous to 
that used for quantitation of arachidonic acid. Electron 
capture ionization GC/MS was used to analyze the 
pentafluorobenzyl ester derivatives. 
leic acid, [13C]arachidonic acid, from elongation and 
desaturation of the [ 13C]linoleic acid, was found to be 
incorporated into all major phospholipid molecular 
species of the mast cells which were identified to 
contain arachidonic acid. Table 1 lists all the major 
arachidonate-containing phospholipid molecular 
species in the transformed bone marrow derived mast 
cells. The molecular species were identified as de- 
scribed [3, 51 by using precursor ion scanning for the 
arachidonate carboxylate anion at m/z 303. Product 
ion scans were used to confirm sn-1 substituents of the 
molecular species. Glyceryl ether phosphocholine 
species (l-O-alkyl-2-acyl) were identified from the pro- 
duction of a single carboxylate anion following colli- 
sion-induced dissociation (CID) of [M - 15]- and a 
very abundant neutral loss of arachidonic acid from 
[M - 86]- [3]. Diacyl species with an odd number of 
carbon atoms in one alkyl chain would be isobaric 
with such glyceryl ether lipid species, but CID of 
[M - 15]- results in production of two carboxylate 
anions, one of which would have an odd number of 
carbon atoms in the alkyl chain. Mild acid hydrolysis, 
followed by reanalysis of the precursors of m/t 303, 
was used to differentiate the isobaric l-0-alkyl-Z-acyl 
Table 1. Mole percent of arachidonate-containing phospholipid 
molecular species in transformed murine bone 
marrow derived mast cells 
Results and Discussion 
The electron capture ionization mass spectrum of the 
pentafluorobenzyl ester of the linoleic acid isolated by 
extraction and saponification from algae grown in a 
‘“CO, atmosphere is shown in Figure 1. Several iso- 
topic species were present in this extract with the most 
abundant being [13C,,]liioleic acid, having [M - 
PFB] ion at m/z 296. Following incubation of trans- 
formed bone marrow derived mast cells with [ ‘3C]lino- 
GPC 
Lipid Class 
GPE GPI GPS 
Molecular Speciesa Mole % Total Arachidanic Acldb 
16:Op /20:4 0.68 20.2 
16:l e /20:4 0.51 0.75 
16:Oe /20:4 4.43 5.44 
16:1a/20:4 0.71 1.05 
16:Oa /20:4 2.22 3.35 1.09 2.76 
18:l p /20:4 6.07 
18:2e /20:4 0.21 
1810~ /20:4 0.34 6.25 
18: 1 e /20:4 1.52 0.84 
18:Oe /20:4 1.15 2.93 
18:1a/20:4 1.11 3.14 2.31 2.36 
18:Oa /20:4 1.42 7.96 6.41 12.5 
1 WJLinokate ‘3C,,I 
296 
r ‘3C,$ 
297 
+r I .‘, F 
200 250 300 350 400 
m/Z 
Figure 1. Electron capture mass spectrum of the pentaflue 
robenzyl ester of [‘3C]linoleic acid isolated from algae grown in 
‘3C02. The algal extract was saponified and the released linoleic 
acid purified by reverse phase HPLC prior to derivatization and 
GC/MS analysis. 
“I-0-Alkyl-2.acyl molecular species with n double bonds in the 
sn-1 hydrocarbon chain are isobaric with plasmalogen molecular 
species having n-l additmnal double bonds in the sn-1 hydrocar- 
bon chain. Relative abundances of the plasmalogens versus their 
isobaric unsaturated alkylacyl species were determmed bv cornpar- 
ison of m/z 303 precursor ion scans before and after mild acid 
hydrolysis. which selectively eliminates the plasmalogens, as de- 
scribed prev~ouslv [51. 
bThe mole per&t of arachidonic acid in each phosphohpid class 
was determined following saponification of each lipid class sepa- 
rated by normal phase HPLC. as descrtbed m the Experimental 
Procedures section except an tert-butvldimethvlsllvl ethers 1131. 
The mole percent of &h arachidonate-containing molecular 
species was calculated by multiplying its relative abundance (ob 
tained from precursor ion scanning for m/z 3031 times the arachi- 
donate mole percent of its phospholipld class and dividing bv the 
sun-n of the relative abundances of all the arachldonate molecular 
species obtained from the precursor ion scan for m/z 303 for the 
phospholipid class 
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species and the l-O-all-l’enyl-2-acyl (plasmalogen) 
species of GPE and GPC (Table 1). Isotopic enrich- 
ments of GPE lipid species from previous experiments 
using [2H,]-arachidonate to label bone marrow de- 
rived mast cell phospholipids were determined both 
before and after mild acid hydrolysis (data not shown). 
No significant differences were found between the 
enrichments of l-O-alkyl-2-acyl species and the iso- 
topic enrichments measured for the combined isobaric 
l-O-alkyl-2-acyl and plasmalogen species. 
Direct analysis by FAB of the individual phospho 
lipid classes did not reveal apparent 13C incorporation 
because less than 14% of each of the individual [13C] 
isotopes was incorporated, as is illustrated for the GPE 
species following 13C-incubation (Figure 2a) compared 
to control cells (Figure Zb). However, precursor ion 
scans for arachidonic acid (m/z 3031 (Figure 3a and c) 
and [r3C1,]arachidonic acid (m/z 3201 (Figure 3b and 
d) revealed specific incorporation of [r3C]arachidonic 
acid (Figure 3b). The most abundant GPE molecular 
species was 16:Op/20:4,* which yielded a parent ion at 
a. [WJLinoleic acid 
incubafian zn. I I 
600 700 800 900 
100 
1 
b. Cantml 
2: 
ii 
ii 
0 
I x10* f 
s & 
.p 
I 
J 
P f 
600 700 non 900 
m/z 722.6 that was shifted to m/z 739.8 following 
‘3C-incubation. Other major arachidonate-containing 
molecular species of GPE enriched in [‘?]arachidonic 
acid were observed at m/z 755.9, 765.7, 781.5, and 
783.7 corresponding to 16:lla/2D:CGPE, lS:lp/20:4- 
GPE, 18:la/20:4_GPE, and 18:0a/20:4CPE, respec- 
tively. 
The time-dependent increase in incorporation of 
[13C1,]arachidonic acid into the arachidonate-contain- 
ing glycerophospholipids is shown in Figure 4. Iso- 
tope incorporation values were obtained from the ratio 
of ion intensity for the transitions of the major 
arachidonate-contaig glycerophospholipid anions 
(A-+ m/z 303) compared to the resultant labeled 
species [13C,,]A-+ m/z 320). The apparent level of 
isotope incorporation was different for each of the 
major phospholipid classes. The phospholipid class 
which was least enriched in labeled arachidonic acid 
was GPE (Figure 4al while GPC (Figure 4b) and GPI 
(Figure 4d) were relatively more enriched with labeled 
arachidonic acid. This was a result of the fact that GPE 
retains the largest quantity of esterified arachidonic 
acid and the newly synthesized [13C]arachidonate was 
therefore more highly diluted in this pool. The sensi- 
tivity of this mass spectrometric technique permitted 
the determination of specific isotope enrichment at 
levels as low as 0.005 to 0.01. Enrichments at these 
levels were measured for several of the GPE molecular 
species after short labeling periods (see Figure 4a). By 
monitoring the [ r3C,,llabeled species, interference from 
isobaric molecular species was greatly reduced. Inter- 
ference from endogenous species isobaric with labeled 
species (such as eicosadienoic acid and [2HJ- 
arachidonate and eicosanoic acid with [*Ha]- 
arachidonlc acid) can be a significant problem. It should 
be furthermore pointed out that the arachidonatecon- 
taining molecular species themselves are quite low in 
abundance in these complex lipid mixtures relative to 
other molecular species not containing this polyunsat- 
urated fatty acid. 
The results from four separate experiments in which 
[‘3C]linoleic acid was incubated with bone marrow 
derived mast cells are summarized in Figure 5. The 
major molecular species which contained [13C]- 
arachidonic acid yielded signals which permitted rea- 
sonable quantita&e precisi& (RSD lo-i5%). After 24 
hours of incubation with 9 yM [ 13C]linoleic acid (ca. 3 
PM [13C,,]lmoleic acid), the isotope incorporation was 
above the background signal-to-noise level of the in- 
strument by factors of at least three. The best precision 
and highest signal-to-noise was obtained for the GPE 
molecular species 16:0p/20:4-GPE and lS:Oa/20:46PE 
as these were among the most abundant molecular 
species of all arachidonate-containing phospholipids. 
The effect of [13C]linoleic acid incubation with the 
mast cells was studied in terms of alteration of total 
arachidonate content in these cells. In two separate 
experiments the total amount of arachidonate in the 
control cells versus those incubated with [ ‘3C]limoleic 
m/z --- 
Figure 2. FAB mass spectra of GPE lipids isolated from neo- 
plastic mast cells. Ions between m/t 600 and 850 Da correspond 
to [M - HI- ions for the individual molecular species of GPE 
lipids with a mass accuracy i0.3 Da. (a) FAB mass spechum of 
the major molecular species of GPE lipids following addition of 
[‘3C]linoleic acid for 7.5 hours, (b) FAB RUSS spectn~m of GPE 
lipids from control neoplastic mast cells. The extracts from iden- 
tical numbers of cells were applied to the FAB probe to obtain 
these negative ions. For both GPE livid samples. the most abun- 
dant ara&ido~ate-cox&aixk~ m&c&r s&es had an [M - HI- 
ion at m/z 722.6 corresponding to 16:Op/20:4_GPE. The corre- 
spondiig [13C,,lara~donate-containing molecular species is 
shifted to m/z 739.8. Diethanolamine was used for the FAB 
liauid m&ix. S~ectre are the weraee of five scans taken at a rate 
of-10 secc;/scan.‘No background subtraction of FAB mass spectra 
was done. 
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Figure 3. Precursor ion scans for arachidonate-containing molecular species of GPE lipids in the 
mixtures analyzed in Figure 2. (a) Precursor ion scan of m/z 303 (arachidonate) revealing the 
distribution of arachidonate-containing molecular species in cells incubated for 7.5 hours with 
[‘“Cllinolcic acid, (b) precursor ion scan of m/z 320 ([‘3C,,]- arachidonate) revealing the incorpora- 
tion of label into the major arachidonate-containing GPE lipid molecular species in cells incubated 
for 7.5 hours with [%Z]linoleic acid, (19 precursor ion scan of m/z 303 from control cells not exposed 
to labeled linoleic acid, and cd) precursor ion scan of m/z 320 corresponding to the background 
signal from control cells not exposed to labeled linoleic acid. [‘3C,,]Arachidonic acid was 
incorporated into five major molecular species of GPE lipids. The appearance of these arachidonate- 
containing molecular species is clearly above the control levels for the parent ions of m/z 320 shown 
in d. 
acid were not significantly different (Table 2). The 
largest variation was between the individual experi- 
ments which suggested that inherent biochemical vari- 
ability for total arachidonate concentration in these 
cells was more significant than alteration of total 
arachidonate pool size induced by [‘3C]linoleic acid 
incubation. Therefore, incubation with [ ‘3C]linoleic 
acid did not change the pool of arachidonate, a re- 
quirement for isotope tracer studies. Because [‘“Cl is 
known to have a substantially lower isotope effect 
compared to [‘HI and in spite of the fact that there are 
17 13C atoms in the [‘3C]linoleic acid, a significant 
isotope effect is not expected in terms of the acylation 
and deacylation of this polyunsaturated fatty acid. 
Conclusion 
The ease with which isotopic enrichments of specific 
molecular species of phospholipids can be determined 
by using FAB-MS/MS is revealed by the results of 
these experiments. Ordinarily, measurement of the iso- 
topic enrichment of the arachidonate-containing molec- 
ular species would require additional chromatography 
to separate the molecular species of each phospholipid 
class, followed by saponification and fatty acid deter- 
mination. Despite the additional effort, this approach 
still would not yield as complete molecular species 
information such as the identity of each sn-1 sub- 
stituent as a l-0-alkyl, l-0-alk-1’-enyl or l-0-acyl 
group. FAB achieves ionization of the intact molecular 
species, avoiding the need for prior phospholipid 
degradation. The selectivity of MS/MS allows analysis 
of the arachidonate-containing species within complex 
mixtures, circumventing the need for additional chro- 
matography. As shown here, the isotope enrichment of 
individual molecular species can also be directly deter- 
mined from MS/MS analysis. 
[‘3C]Linoleic acid is readily converted into arachi- 
donic acid by cells in culture typified by the trans- 
formed mast cell used in these experiments. The bio- 
chemical conversion of linoleic acid to arachidonic 
acid, which requires chain elongation and desatura- 
tion, occurs to an extent that is sufficient to permit 
kinetic studies of the rates of incorporation into spe- 
cific molecular species of phospholipids. This strategy 
allows one to specifically label the arachidonate pool 
within cells without adding excess quantities of the 
direct precursor itself, namely arachidonic acid. Addi- 
tionally, this strategy did not alter the total pool of 
arachidonic acid, an important requirement of isotope 
dilution studies. 
J Am Sac Mass Spechom 1994,5,144-150 [%I INCORPORATION IN PHOSPHOLIPIDS BY MS/MS 149 
GPE 
0 2 5 7.5 24 
Incubation with [WI-Linoleic Acid, (hours) 
0 2 5 7.5 24 
Incubation with [I%]-Linoleic Acid, (hours) 
2 5 7.5 24 0 2 7.5 24 
Zncubation with pjC]-Linoleic Acid, (hours) Incubation with [W]-Linoleic Acid, (hours) 
Figure 4. Time course for the incorporation of [%,,larachidonic acid into (a) GPC lipids, (b) GPE 
lipids, (c) GPI li ids, and (d) GE’S lipids. The transformed bone marrow derived mast cells were 
cultured with [’ s Cllinoleic acid for times indicated. Incorporation of [‘3CI,]arachidonic acid was 
measured using MS/MS by selected reaction monitoring as described in the Experimental 
l’ro~edures section. The individual arachidonate-containing molecular species of each phospholipid 
class was determined by wing precursor and product ion scans. Data are from a single experiment 
representative of several such experiments carried through this time course. 
The use of monitoring a labeled species having an 
odd number of labeled atoms (hence an odd mass-to- 
charge ratio [M - HI- ion and an even mass-to-charge 
ratio arachidonate carboxylate anion) eliminates error 
from concomitant measurement of endogenous species 
isobaric with the labeled species, as endogenous species 
result in even mass-to-charge ratio [M - HIP molecu- 
lar anions. 
Table 2. Total am&id&c acid contained in transformed 
mast cells with and without incubation with [‘3Cllinoleic 
acid (10 PM) for 24 hour8 
Arachidonate Content 
(nmol /lOa cellslc 
Incubation Conditions (expt 1 I lexpt 2) 
Control 1995 f 54 1342 + 116 
V3Cllinoleic 2057 + 98 1758 f 134 
q Data expressed as nmol/lOB cells. No significant difkence in 
the total quantitv of arachidonic acid was found I” either extxx- 
ment lp <-o.05).6 
bSignificance determined using Student’s t test. 
EData expressed as average of 3 or 4 determinations + s.e.m. 
“-“i T n _ 24 hr, [‘3C] linoleic acid 
z 
0.30 
5 
0.20 
‘r 0.10 
0.00 
16:Oa Z6:Oe Z6:OpZ8:Oa Z8:Oa Z8:Oa 
GPC GPE GPI GPS 
Figure 5. Incorporation of [‘3C,,larachidonic acid into the most 
abundant arachidonate-containing molecular species of GF’C 
lipids, GF’E lipids, GPI lipids, and GPS lipids in four separate 
experiments with transformed bone marrow derived mast cells. 
The isotopic enrichments measured for the control experiments, 
in which cells were not exposed to [13Cllinoleic acid, largely 
correspond to the background signal-to-noise ratio in the selected 
reaction monitoring mode of operation and therefore are related 
to the absolute abundance of the signal for each molecular 
species. 
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